A combination of anion-exchange chromatography and affinity chromatography on a 17 cellulose column was found to be effective for the isolation of β-(1,3;1,4)-glucan (BG) 18 from corn pericarp hemicelluloses (CPHs). CPHs containing 6.6% BG were extracted 19 from corn pericarp with 6 M urea-2 wt% NaOH solution and initially fractionated into 20 neutral and acidic parts by anion exchange chromatography to remove acidic 21 arabinoxylan consisting of arabinose (35.6%) and xylose (50.9%). The neutral fraction 22 (yield; 10.1% on the basis of CPHs) consisting of 1.0% arabinose, 10.1% xylose and 23 80.3% glucose containing 28.4% BG was then applied to a cellulose column of Watman 24 CF-11. BG could be recovered from the adsorbed fraction on the cellulose column by 25 elution with 2% NaOH in a yield of 2.6% on the basis of CPHs with a purity of 84.7%. 26 The chemical structure of the isolated corn pericarp BG was confirmed by 13 C-NMR 27 spectroscopic, methylation and lichenase treatment analyses. The results indicate that 28 the ratios of (1,4)/(1,3) linkage and cellotriosyl/cellotetraosyl segments of the BG were 29 2.60 and 2.5, respectively. 30
Introduction
Corn pericarp is a by-product of industrial corn starch production and its annual 35 global generation is estimated to be over 4 million tons (Yoshida, Dwianto, Honda, 36 Uyama, & Azuma, 2014). Although it is frequently used as an ingredient in animal feed 37 with the addition of corn protein (Shukla, & Cheryan, 2001) , finding out more valuable 38 applications is expected. Because hemicelluloses are its major constituents amounting to 39 about 75%, its functional use largely depends on their extended characterization. Use of 40 corn pericarp hemicelluloses (CPHs) as an emulsifier is a candidate for this line of 41 investigation (Yadav, Johnston, & Hicks, 2007; Yadav, Parris, Johnston, & Hicks, (Lazaridou, & Biliaderis, 2007) . In addition, BG provides some specific health benefits, 48 such as attenuating blood postprandial glycemic and insulinemic responses, lowering 49 blood total cholesterol and low-density lipoprotein (LDL) cholesterol, and improving 50 high-density lipoprotein (HDL) cholesterol and blood lipid profiles (Braaten et al., 1994; 51 Daou, & Zhang, 2012; Brennan, & Cleary, 2005) . 52 BG is a linear homopolysaccharide comprised of two types of D-glucopyranosyl 53 residues linked by a mixture of β-(1-3) and β-(1-4) linkages, with blocks of (1-4)-linked 54 residues (oligomeric cellulose-like segments) separated by (1-3)-linkages. Its structural 55 6 corn pericarp with a 100 fold excess of water at 80 o C for 2-3 h were applied to a column 100 (15 × 150 mm) of TOYOPEARL DEAE-650M (Tosoh Co., Tokyo, Japan) equilibrated 101 with 5 mM sodium phosphate buffer (pH 6.8) and eluted with the same solution to 102 recover neutral BG. Acidic arabinoxylan was next recovered by elution with the same 103 buffer containing 1.2 M NaCl. Elution was monitored by the phenol-sulfuric acid 104 method. Both polysaccharide fractions were separately pooled, dialyzed against water 105 and freezed-dried. The BG-rich fraction (Neutral fraction; 8.7 ± 2.4% on the basis of 106 CPHs, n = 3, Table 1 ) was dissolved in 5 mM sodium acetate buffer (SAB), pH 5.0 and 107 applied to a cellulose column (15 × 150 mm). After equilibrating for 30 min at room 108 temperature, the column was washed with the same buffer to remove unadsorbed 109 material, eluted with distilled water, and finally adsorbed BG was recovered by elution 110 with 2% NaOH (2% NaOH fraction; yield 3.3 ± 1.3% on the basis of CPHs, n = 3, 111 Table 1 ). All carbohydrate containing fractions were pooled, neutralized, dialyzed 112 against water and freeze-dried. The liquid state 13 C-NMR spectrum of the isolated BG was recorded in D 2 O on a 122 Bruker DPX-400 instrument (Billerica, Bruker, MA, USA) operating at 400 MHz and 123 the chemical shifts in ppm were normalized as downfield values from that of internal 124 standard, TSP (sodium 2,2,3,3-tetradeuterio-3-(trimethylsilyl)-propionate). 125 Permethylation of polysaccharides was carried out according to the Hakomori 126 method (Hakamori, 1964) . The permethylated polysaccharides were subjected to two-127 step hydrolysis with 90% formic acid for 2 h at 100°C and 0.5 N sulfuric acid for 12 h 128 at 100°C. After neutralization with barium carbonate, the hydrolyzate was reduced with 129 sodium borohydride and acetylated with a mixture of acetic anhydride and pyridine (1:1, 130 v/v) for 1 h at 100°C. The resulting mixture of partially methylated alditol acetates was 9 3. Results and discussion 148 CPHs (BG content 6.6%) were separated into neutral and acidic fractions by anion 149 exchange chromatography on a DEAE-column as shown in Fig. 1 (A) . The neutral 150 fraction was further separated into three fractions by affinity chromatography on a 151 cellulose column as shown Fig. 1 (B (Table 3 ). The ratio of (1,4)-glucose linkages to 199 (1,3)-linkages for the corn pericarp β-glucan was calculated as 2.60, which was slightly 200 higher than that for barley (2.37) but within the ranges previously reported; 2.3-2.8 for 201 oat, 1.9-2.8 for barley and 2.3 for rye (Lazaridou, & Biliaderis, 2007) . The high affinity 202 of the corn pericarp BG to cellulose suggests the existence of strong interactions 203 between BG and cellulose in corn pericarp. 204 The distribution of (1,4)-linked glucopyranosyl segments in corn pericarp BG was 205 examined by fragmentation analyses with lichenase which splits (1,3)-β-D-glycosidic 206 linkages in BG (Table 4) . After lichenase treatment, cello-octomer and shorter 207 oligomers were detected in the corn pericarp BG. The ratio of cellotriosyl/cellotetraosyl 208 units for corn pericarp BG was 2.5, which was slightly higher than that for barley (2.2). 209 Previously, the same ratios in the native cereal β-glucan structures were reported to be 210 within the range of 1.5-2.3 for oat, 1.8-3.5 for barley, 1.9-3.8 for rye and 3.0-4.5 for 211 wheat (Lazaridou, & Biliaderis, 2007) . Ebringerová et al. (2005) Neutral fraction was applied to the cellulose column. The three fractions eluted with SAB, 319 distilled water and 2% NaOH were recovered. 320 Fig. 2 . 13 C-NMR spectrum of materials isolated in 2% NaOH fraction using a cellulose column 321 322 323 water and NaOH fractions, respectively. The eluent for the affinity chromatography was 355 changed at fraction 17 from SAB to water, and at fraction 33 to 2% NaOH. The volume of each 356 fraction was 3 mL. 357 358 Fig. 2 . 13 C-NMR spectrum of materials isolated in 2% NaOH fraction using a cellulose column 360
